Running head: Redefining a snail colour polymorphism 7 2 Biologists have long tried to describe and name the different phenotypes that make 8 up the exuberant colour polymorphism of the land snail Cepaea nemoralis. 9 Traditionally, the view is that the ground colour is one of a few major colour classes, 10 either yellow, pink or brown, but in practise it is frequently difficult to distinguish the 11 colours, and consistently define different shades of the same colour. To understand 12 whether colour variation is continuous, and to investigate how the variation may be 13 perceived by an avian predator, we applied psychophysical models of colour vision 14 to shell reflectance measures. The main finding is that both achromatic and 15 chromatic variation are indiscrete, being continuously distributed over many 16 perceptual units, with the major axis of chromatic variation representing differences 17 in saturation, or purity of colour. Nonetheless, clustering analysis based on the 18 density of the distribution revealed three groups, roughly corresponding to human-19 perceived yellow, pink and brown shells. There is also large-scale geographic 20 variation between these morphs across Europe, and some covariance between shell 21 colour and banding patterns. Although further studies are necessary to understand 22 the evolutionary origins and impact of natural selective upon this variation, the 23 observation of continuous variation in colour is intriguing, given that the underlying 24 supergene that determines colour should prevent phenotypes from "dissolving" into 25 continuous trait distributions. 26 27 3 Throughout the past century, the study of animal colour has been critical in making 28 progress in understanding the principles of biology, especially with respect to 29 genetics and evolution (McKinnon and Pierotti 2010; McLean and Stuart-Fox 2014; 30 Cuthill et al. 2017; San-Jose and Roulin 2017). For instance, early studies on the 31 inheritance of colour traits were important in establishing an understanding of basic 32 Mendelian genetics (Wheldale 1907; Staples-Browne 1908). Subsequently, studies 33 of the distribution and predation of colour morphs have and continue to shape our 34 understanding of how natural and sexual selection operate in wild populations 35 (Hugall and Stuart-Fox 2012; Dale et al. 2015; Delhey et al. 2017). Most recently, 36 candidate gene and latterly genomic approaches have been used to identify the 37 underlying genes that determine the colour differences (references in Hoekstra 2006; 38 McLean and Stuart-Fox 2014; San-Jose and Roulin 2017).
saturated GLMM with that of a generalised linear model without the random term for 202 site to provide an approximate test of the importance of site. 203 
Results

204
Variation in colour 205 We measured the individual reflectance spectra of 1172 shells, mainly collected from 206 across Europe (Table S1; Figure 1 ) and then transformed them into visual space 207 coordinates, xyz. To visualise this chromatic variation, and the relationship with 208 human-scored and Mclust-defined colour categories (below), the xyz coordinates 209 were plotted in visual colour space ( Figure 2 ). There were no obviously discrete 210 groups.
211
A PCA on the xyz coordinates showed a first axis which explained 87% of 212 chromatic variation. PC1 had a moderate positive loading for x (0.61), and a 213 moderate negative loading for y (-0.64) and z (-0.46). Two further axes explained 214 11% and 2% of the variation, the second having a positive loading on all axes (0.75, 215 0.28, 0.61, respectively), and the third a mixture (-0.26, -0.71, 0.65) 
